Background: Developmental dysplasia of hip (DDH) is one of the congenital anomalies in newborns that if not diagnosed and treated on time can lead to a severe disability. Although clinical examination is a very useful way for screening, but in some patients, a confirmatory diagnostic method such as ultrasonography is needed. The aim of the present study is to compare the sensitivity and specificity of clinical examination and ultrasonography in early detecting of DDH. Materials and Methods: A total of 5800 of newborns were examined by orthopedic surgeon as a screening method. The newborns with risk factors or suspicious on clinical examination were introduced to repeat clinical and ultrasonographic examination of hip. The results were collected and recorded by a check list and then the sensitivity and specificity of clinical examination were calculated. Results: Of 5701 newborns (11402 hips) who were studied by two methods of clinical examination and ultrasonography (by Graf method), the overall incidence of DDH was 29 per 1000. Only 94 hips (13.5%) of 694 disordered ones according to clinical examination were involved on ultrasonographic evaluation. A total of 240 hips of 334 (72%) involved hips according to ultrasonography (Graf type IIb or more) were diagnosed normal on clinical examination, considering ultrasonography as a gold standard method of evaluating DDH, the sensitivity and specificity of clinical examination were calculated 28.1% and 94.5%, respectively. Conclusion: According to the present study, ultrasonogeraphic examination has a high valuable in screening of DDH and the clinical examination done by an experienced orthopedic surgeon has an acceptable value in primary screening of DDH in developing countries for detecting of healthy neonates, but if the newborn has a risk factor or is suspicious on clinical examination, it will be necessary to get assistance from ultrasonography by an experienced sonographer.
The primary reason of instability and dysplasia in neonatal hip is laxity in joint capsule. Familial or inherent generalized laxity exists in a high proportion of DDH patients, also hormonal and mechanical are the other etiologic factor.
The females to males ratio is 4-6 times. Effective risk factors in DDH are as follows:
Breech presentation, first delivery, sibling, female gender, oligohydramnios, torticollis, plagiocephaly, pescalcaneovalgus, calcaneovalgus, cesarean section, talipes equinovarus, generalized laxity, absence of flexion in knee and hip, low birth weight (<2500 g), prematurity (before 37 weeks), restricted hip abduction, asymmetrical gluteal folds, wide perinea, and use of swaddling. [4] All neonates should be examined in the nursery by an experienced person, for example, an orthopedist,
IntRoductIon
Developmental dysplasia of hip (DDH) consists of subluxation to complete dislocation of femoral head and acetabular dysplasia. [1] Hip dysplasia and instability includes a vast range of disorders from hip instability, joint capsular laxity, and prematurity of neonatal hip to complete dislocation of femoral head out of the acetabulum.
The word dysplasia consists of a disorder occurred during growth and development of hip in which, acetabulum, proximal of femur, and joint capsule are dynamically changing and making deformation. The incidence of the disease reported from 188 per 1000 in Canadian Indians to 0.1 per 1000 in Hong Kong, and 0 in African natives. Stability takes place so rapidly that if examination is accomplished a week after birth, the incidence will be reduced to half. [2] [3] original articlE a pediatrician, or an obstetrician or midwifery through doing Ortolani and Barlow tests. If there is any risk factor in the neonate, the suspicion of an abnormal hip will be increased. [5] Through Barlow test, the dislocated hip is relocated by flexion and abduction and a click sound can be heard. [6] Through Ortolani test, an unstable hip is dislocated by flexion and adduction and a clunk sound will be heard. [7] Although their presence is helpful and shows a hip dislocation or subluxation, the absence does not rule out the diagnosis of DDH [6] and it needs a confirmatory tool-like ultrasonography. [8, 9] Also, clinical findings are different according to the child's age and the type of the dislocation; diagnostic tools have different values in different ages, for example ultrasonography is useful from birth to 6-9 months of age and not after 9-12 months of age. [10] The precise role of ultrasonography is not welldetermined because of its cost and dependency on the examiner, especially in medical societies of developing countries, so the aim of the present study is comparison of the sensitivity and specificity of clinical versus ultrasonographic examination in diagnosing neonatal hip dislocation.
MateRIals and Methods
In a prospective study, between years 2007 and 2009, 5800 of newborns were examined by an orthopedic surgeon after being examine by an obstetrician or a pediatrician in Hajar hospital of Shahrekord university at the end of the 1 st and 6 th weeks and then underwent ultrasonographic evaluation at the end 6 weeks of birth, all the infants underwent clinical examination and ultrasonographic evaluation again and were followed to 2 years of age.
During the study, three neonates died and 96 ones did not take part in follow-up programs, so were omitted from the study and the rest of 5701 patients were evaluated by two methods of clinical and ultrasonographic examination.
The inclusion criteria were as follows: 1. All the neonates were born between years 2007 till 2009 in Hajar hospital in Shahrekord. 2. The neonates with risk factor. [4] The exclusion criteria were as follows: Musculoskeletal disorders like arthrogryposis, teratological hip dysplasia, neural tube defects, neonates admitted in intensive care unit ward, and parental discontent of participation in the study. The informed written consent was taken from the parents of all neonates and infants.
After doing clinical examination and recording the results, ultrasonographic examination was done by Toshiba 7.5 MHz linear transducer sonolayer SSA-270. The ultrasonographic examination was done dynamically and statically by an experienced sonographer and the results were determined according to Graf classification (Graf type IIb and more than 6 mm displacement considered pathologic). [8] The sonographist was not aware of the results of clinical examinations in this study. The normal developing hips (Graf type Ia or Ib) did not need follow-up, but hips with delay development (Graf type IIa) were followed up for 3 months and if no development occurred during this period, were included in Graf type IIb group. Neonates with Graf type IIb and the ones who were included in Graf types IIc, IId, III, or IV in the first ultrasonographic examination, considered DDH.
The clinical examinations included Barlow and Ortolani were accomplished by the authors.
Tonis system was used for evaluating hip instability as follows:
• Grade I: Joint capsular instability without any sound on the examination or up to 70° restriction of abduction from midline. • Grade II: Hips having possibility of dislocation (Ortolani's snapping).
• Grade III: Dislocatable and reducible hips (dislocation sign).
• Grade IV: Fully dislocated and irreducible hips. [11] After gathering and recording of data in check lists. All data were analyzed by using spss 18 software and sensitivity, specificity were calculated. For comparing of sex between groups x 2 and Fisher's exact tests were used. P< 0.05 considered significant.
Results
A total of 5800 newborns underwent clinical examination from which 3 ones died and 96 did not participate in followup program and so were omitted from the study and the remaining of 5701 neonates (11402 hips) were studied by two methods clinical and ultrasonographic examinations. [12] A total of 2518 neonates (44%) were males and 3183 (56%) were females. A total of 694 hips had degrees of instability on the clinical examination from which 334 hips (154 neonates with unilateral hip involvement and 26 neonates with bilateral hip involvement) had Graf type IIb or more severe instability on the ultrasonographic evaluations.
The overall incidence of the disease was 29 per 1000 by ultrasonographic screening (23.2 per 1000 in females and 5.8 per 1000 in males) Graf type IIa (physiologically immature hip) was seen in 1324 hips which were followed. had left-side DDH, and 100 hips in 50 neonates (30%) were bilateral DDH.
All the patients were followed to 2 years of age and the ones needed treatment (Graf type IIb or more) were treated and followed. Comparing female and male gender in group I by means of x 2 test showed significant differences (P = 0.002). Also, x 2 test was not showed significant differences between male and female gender in group II (P = 0.449). Fisher's exact test did not showed significant differences between male and female gender in group III (P = 0.733), also Fisher's exact test did not show significant differences between male and female in group IV (P = 0.4).
dIscussIon
The clinical examination of the neonatal's hip is a part of neonatal and infantile examinations but is not always enough in diagnosing DDH alone, because in some dysplastic, unstable, subluxated, or dislocated hips specially if examined by an inexperienced person diagnosis can not be made or a normal hip may falsely be considered pathologic (false positive). [13, 14] According to multiple studies, ultrasonography is a very precise, sensitive, and noninvasive method in diagnosis of DDH and abundance of joint cartilage in femoral head and acetabulum increases the sensitivity of ultrasonography but if done in the first days after birth leads to false positive results due to joint capsular laxity. [15, 16] To prevent this, clinical and ultrasonographic examinations was repeated in 6 weeks after birth and the results of final examination were evaluated. Considering relativity large sample size (5701 neonates and 11402 hips), the sensitivity and specificity of our study measured 28.1% and 94.5%, respectively. These were similar to some of the studies [17] but different from others. [18] The reason of the difference is the large sample size of our study because small sample size leads to change sensitivity. Besides the experience of the examiner and sonographer has an essential role in making differences. [19] In our study, we took assistance from a 10 years experienced orthopedic surgeon and sonographer.
The primary and overall incidence of the disease was 60 per 1000 by the clinical examination but after repeated examinations and exclusion of Graf type Ia, Ib, and IIa, the final incidence became 8 per 1000.
In our study the distribution of 11402 evaluated hips according to Graf classification was as follows:
Type I (normal hip) 9744 (85.5%), type IIa (physiologic immaturity) 1324 (11.6%), type IIb (acetabular dysplasia) 183 (1.6%), type IIc (critical zone) 55 (0.5%), type IId (subluxation) 7 (0.06%), type III (mildly dislocation) 84 (0.7%), and type IV (dislocated) 5 (0.04%)
The numbers and type of instability or dislocation of the hips according to the patients' gender are shown in Table 1 .
Only 94 (13.5%) of the 694 involved hips by clinical examination were involved by ultrasonography.
A total of 240 (72%) of the 334 involved hips by ultrasonographic method (Graf type IIb or more) were diagnosed normal by clinical examination.
Considering ultrasonography as a gold standard method in evaluating DDH, the sensitivity and specificity of clinical examination were determined 28.1% and 94.5%, respectively.
The numbers of normal and involved hips by clinical and ultrasonographic examination are shown in Table 2 .
Receiver-operating characteristics curve (ROC curve ) showed the area curve for specificity is very suitable for distinguishing normal healthy person (94.5% is very more than 50% that is a suitable limit) and area curve for sensitivity is poor for detecting disease person (28.1% is lower than 50% that is a suitable limit). (Figure 1) A total of 310 hips (93%) of 334 hips on the ultrasonographic evaluation with degrees of instability or dysplasia (Graf type IIb or more) had one or more criteria of high-risk child (belonging to 155 newborns or 2.7% of all the newborns). A total of 33 ones (10%) had right-side DDH, 201 ones (60%) The overall incidence of the disease was 8 and 29 per 1000 according to clinical versus ultrasonographic examinations respectively that is considered logical based on high numbers of the delayed diagnoses, after patient starting to walk, and large numbers of patients who need operation and lack of clinical and ultradsonographic screenings in the region.
T h e r e s u l t s o f c l i n i c a l h i p e x a m i n a t i o n s a n d ultrasonographic reports were similar in 87.5% and different ultrasonographic results in 11.1% of neonates with normal hips according to clinical examination were reported. Also, in 6.2% of cases with pathological hips based on reports of clinical examination, normal ultrasonographic reports were mentioned. The reasons of this mismatch may be as follows: The structure of the hip in the early birth time is so that the soft tissue and capsular laxity around the hip and immature hip can naturally be existed in the first few days to weeks and this immature laxity of hip although not so considerable to make usual clinical tests positive, can be detectable on the ultrasonographic examinations. [19.20] Although accuracy and experience of the examiner in detecting cases of hip dislocation or subluxation is very important, we cannot imagine all the mismatched results due to the lack of the examiner experience. Besides the Barlow and Ortolani tests usually remain positive only during a few weeks (till 2-3 months) and finally hip will be fixed in a stable dislocated or reduced position. On the contrary, determining the quality of click or clunk sound is a subjective perception and controversy on its accuracy is always existed but considering hips placing in a vast range from stable and normal to having severe laxity and completely dislocated, the quality of specific click sound will be less important and any kind of click sound from hip is important, also, although orthopedic surgeons are the best ones who can perform neonatal hip examination, the routine examinations are not usually accomplished by them, of course it must be mentioned besides, that repeated clinical examinations can lead to loss of the hip vacuum stability and decrease of the hip stability. [1, 13, 14, 21, 22] Ultrasonography of hip needs enough and great experience in detecting instability and dislocation and the more ultrasonographies carried out by the specialist, the less the errors will take place so that Harcke recommends: If there is not enough experience on hip ultrasonography, its report should be prevented. Beside the specialist experience, also the neonate's restlessness during examination can lead to make mistakes in diagnosis both in clinical and ultrasonographic examination. [23] Finally, it must be confirmed that some of the hips having subluxation or dislocation on ultrasonography may have negative Barlow or Ortolani test, so loss of positive tests is not the reason for the lack of dislocation on the ultrasonography. The number of palpable click sounds decreases with the neonatal growth and this is not always leading to hip stability but can be due to stabilizing in a dysplastic position of the hip. A positive Ortolani test often remains positive only for a few days. The test may become negative due to hip stabilization or it may become stabilized in a deblocking position and the reduction will be difficult, so during this period to appearance of femoral head on the radiolographs, ultrasonography is the best diagnostic tool.
Although primarily it was thought that if clinical examination in all newborns can solve the problem of DDH as a dilemma for patients and occasionally physicians, now it is shown in most centers which are carried out, the neonatal clinical examination will not detect some cases of DDH alone or may lead to unnecessary treatments. [23-24-25] Although some false-positive cases may be existed (if left untreated the DDH will not develop later), considering the prevalence of false-negative cases (normally reported on the screening but developed dislocation later) and the incidence of DDH in the study about 29 per 1000 newborns it can be recommended that the best, fastest, least expensive, and most useful method of DDH screening in developing countries is clinical examination by an experienced person. If possible, all the neonates or suspicious and with risk factors neonates should be reexamined by an orthopedic surgeon after primary examination by the obstetrician in the delivery ward or the midwifery or pediatrician.
Although now today for detecting of DDH a clinical sound or click or absent of it is not confirmatory, then ultrasonography should no longer be regarded as a screening method but should be used as an investigative and confirmatory tools in neonates to clarify and distinguish the diagnosis. Ideal screening test must be simple, reliable with high levels of sensitivity and specificity, and providing cost-effective results. Since these criteria are not fulfilled in cases of DDH, the screening term may be converted to surveillance as a more appropriate suggestive alternative word. On the basis of our data and relevant literature [26-27-28-29] and taking into consideration all the possible conditions related to DDH, we conclude that, along with the clinical examination to detect DDH, ultrasonography screening should be added to high-risk neonatal screening program.
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